Although , vascular remodeling is a hallmark of many chronic inflammatory disorders such as rheumatoid arthritis, inflammatory bowel disease, and psoriasis, anti-vascular strategies to treat these conditions have received little attention to date. We investigated the anti-inflammatory activity of systemic blockade of VEGF-A by the inhibitory monoclonal antibody G6 -31, employing a therapeutic trial in a mouse model of psoriasis. Simultaneous deletion of JunB and c-Jun (DKO*) in the epidermis of adult mice leads to a psoriasis-like phenotype with hyper-and parakeratosis and increased subepidermal vascularization. Moreover, an inflammatory infiltrate and elevated levels of cytokines/chemokines including TNF␣, IL-1␣/␤, IL-6, and the innate immune mediators IL-22, IL-23, IL-23R, and IL-12p40 are detected. Here we show that anti-VEGF antibody treatment of mice already displaying disease symptoms resulted in an overall improvement of the psoriatic lesions leading to a reduction in the number of blood vessels and a significant decrease in the size of dermal blood and lymphatic vessels. Importantly, anti-VEGF-treated mice showed a pronounced reduction of inflammatory cells within the dermis and a normalization of epidermal differentiation. These results demonstrate that systemic blockade of VEGF by an inhibitory antibody might be used to treat patients who have inflammatory skin disorders such as psoriasis.
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activator protein-1 ͉ Jun proteins ͉ epidermis ͉ angiogenesis ͉ G6-31 antibody A ngiogenesis has an important role in tumor growth and metastasis. However, vascular remodeling also occurs in many inflammatory and autoimmune disorders (1, 2) , including rheumatoid arthritis, inflammatory bowel disease, and the chronic inflammatory skin disease, psoriasis (3) (4) (5) . Psoriasis affects Ϸ2% of the world population and is characterized by epidermal hyperplasia, inflammatory infiltrates, enlarged, tortuous, and hyperpermeable blood vessels, and an enlargement of lymphatic vessels (6, 7) . Several studies indicate a crucial role of VEGF-A (here termed ''VEGF'') in the pathogenesis of psoriasis: (i) epidermis-derived VEGF is strongly up-regulated in psoriatic skin lesions (8) ; (ii) VEGF serum levels are correlated with disease severity (9) ; (iii) a genetic predisposition caused by single-nucleotide polymorphisms of the VEGF gene may be involved in the pathogenesis of psoriasis (10) ; and (iv) K14-VEGF transgenic mice expressing mouse VEGF164 in the epidermis spontaneously develop a chronic psoriasiform skin inflammation (6) . Moreover, VEGF transgenic mice show the characteristic Koebner phenomenon, because induction of skin inflammation in transgenic mice results in the development of chronic, psoriasis-like skin inflammation (7) . Treatment of K14-VEGF transgenic mice with a VEGF receptor tyrosine-kinase inhibitor, NVP-BAW288, reduced the number of blood and lymphatic vessels and the infiltrating leukocytes in the skin and normalized the epidermal architecture (11) . Recently developed anti-psoriatic therapies (e.g., ustekinumab and ABT-874) predominantly target specific components of the immune system, such as TNF␣, or molecules involved in T-cell activation (12) (13) (14) ; however, no cure is currently available (15) . Surprisingly anti-angiogenic treatments for chronic inflammatory conditions have received little attention thus far, although some therapies for psoriasis, such as paclitaxel and shark fin cartilage, are thought to have an antiangiogenic effect (16) . Moreover, the prominent involvement of angiogenesis in the pathogenesis of psoriasis and the validated use of anti-angiogenic therapy in human cancers using a monoclonal antibody directed against VEGF (bevacizumab, Avastin R ) (17, 18) suggests anti-VEGF treatment as a possible therapy for patients suffering from psoriasis. Recently, a patient was reported to experience complete remission of psoriasis during bevacizumab treatment of metastatic colon cancer (19) .
Jun proteins are members of the transcription factor complex AP-1 and are essential in establishing and maintaining skin homeostasis (20) . Epidermal c-Jun controls keratinocyte proliferation and differentiation by regulating the expression of epidermal growth factor receptor and heparin-binding EGF-like growth factor (21) . On the other hand, absence of epidermal JunB in mice leads to ulcerative skin lesions and a multiorgan disease caused by the secretion of granulocyte colony-stimulating factor and IL-6 by keratinocytes (22) .
In the present study we used a therapeutic approach in a genetic mouse model of chronic, psoriasis-like skin inflammation (20, 23, 24) , using the anti-VEGF antibody G6-31, which potently inhibits both human and murine VEGF (25) . After Cre-mediated deletion, mice carrying floxed alleles for JunB and c-Jun develop a chronic, psoriasis-like skin inflammation comprising many immunological features observed in human psoriatic patients (23) . Systemic treatment of mutant mice with an anti-VEGF antibody strongly reduced skin inflammation within 8 days of treatment in contrast with control IgG-treated animals. The mutant mice showed an overall improvement of the psoriatic phenotype, normalization of the epidermal architecture, and a reduction in the number and size of blood vessels. Moreover, the immune infiltrate in the skin was reduced in antibody-treated mice.
Results
Systemic Inhibition of VEGF Reduces the Psoriasis-Like Skin Inflammation. The effects of the monoclonal anti-VEGF antibody G6-31 (25) were tested in a mouse model displaying many characteristic features of psoriasis. Eight-week-old mice carrying floxed alleles for the JunB and c-Jun locus and the K5-CreER T transgene received consecutive i.p. injections of tamoxifen (1 mg/day) for a period of 5 days. This treatment leads to the deletion of both genes in the epidermis by inducible Cre-recombinase activity (see also SI Materials and Methods). When the mice showed the first symptoms of a psoriatic phenotype (10-11 days after the last tamoxifen injec-tion), they received 4 consecutive injections of the anti-VEGF antibody or an isotype control IgG every second day (Fig. 1A) . The appearance of the phenotype was determined by macroscopically visible scaly areas on ears and tail. At day 23-24, the doubleknockout (DKO*) mice injected with isotype control IgG (n ϭ 8) showed prominent inflammatory, scaly skin lesions on the ears (Fig.  1C) . The skin of the paws and tails showed the typical signs of psoriasis macroscopically as well as in histological analysis [supporting information (SI) Fig. S1 A and B] . In contrast, Cre Ϫ mice injected with either isotype control IgG (n ϭ 3) or anti-VEGF (n ϭ 2) did not show any skin abnormalities (Figs. 1B and S1B). However, systemic treatment with the anti-VEGF antibody for 8 days resulted in an almost complete reduction of skin inflammation, scaliness, and swelling in 5 of 12 treated mice (referred to as strong responders, ''DKO* anti-VEGF s ''; Fig. 1E ). Six of 12 treated mice showed a moderate anti-inflammatory response in the ears (referred to as moderate responders, ''DKO* anti-VEGF m ''; Fig. 1D ). No major response was observed in only 1 mouse. The differences between strong responders (5 of 12 mice) versus moderate responders (6 of 12 mice) to the anti-VEGF treatment might result from the variability observed in biological systems or might be explained by the complexity of the phenotype and the mixed genetic background. The anti-VEGF treatment of DKO* mice also ameliorated the psoriasis-like symptoms in the paws and in the tails (Fig. S1 A and  B) . Dramatically reduced redness and swelling of the toes was observed in anti-VEGF-treated mice (Fig. S1 A) . These findings indicate that inhibition of the angiogenic growth factor VEGF is able to reverse the psoriasis-like skin phenotype including the epidermal abnormalities.
Anti-VEGF Treatment Normalizes the Epidermal Architecture in Inflamed Skin. To characterize better the efficacy of systemic VEGF blockade in reducing psoriasis-like skin inflammation, histological analyses were performed on ear sections obtained from DKO* mice and Cre Ϫ littermate controls treated with anti-VEGF or with isotype control IgG. After 8 days of treatment, H&E-stained sections revealed the typical histopathological signs of the psoriasis-like phenotype in the IgG-treated DKO* mice, i.e., acanthosis (thickened epidermis), hyperkeratosis (thickening of the stratum corneum), parakeratosis (retention of nuclei in the stratum corneum), epidermal rete-ridge projections into the dermis, and microabscesses (Fig. 1G) . In contrast, systemic inhibition of VEGF led to a noticeable reduction in the psoriasis-like histological features ( Fig. 1 H and I) .
The epidermal hyperproliferation marker keratin 6 is normally absent from interfollicular epidermis, whereas keratin 10 is expressed in the suprabasal layers of the normal epidermis. During psoriatic hyperproliferation of keratinocytes, both keratin 6 and keratin 10 display a much broader staining pattern. Treatment with the anti-VEGF antibody for 8 days normalized the expression of both keratin 6 ( Fig. 1 L and M) and keratin 10 ( Fig. 1 P and Q) to a staining pattern much more similar to that observed in uninflamed epidermis ( Fig. 1 J and N) , unlike the inflamed epidermis of isotype control-treated mice ( Fig. 1 K and O) . After anti-VEGF treatment, loricrin, a marker of epidermal cornification, was restricted largely to the upper granular layer ( Fig. 1 T and U), as typically observed in normal epidermis (Fig. 1R ). By contrast, loricrin expression was increased, was more focal, and was present in several keratinocyte layers in the ears of isotype control-treated mice (Fig. 1S) . Thus, inhibition of VEGF normalized the epidermal skin architecture in this mouse model of psoriasis.
As reported earlier, deletion of JunB and c-Jun in the epidermis leads to up-regulation of the chemotactic proteins S100A8 and S100A9 in the epidermis before the onset of disease symptoms (23) . To corroborate the observation in DKO* mice, we analyzed sections for up-regulation of the S100A8 and S100A9 proteins ( Fig.  2 
B-D and F-H).
Both groups, DKO* IgG-treated and DKO* anti-VEGF-treated, displayed the characteristic up-regulation of these 2 proteins in the epidermis. Quantification of S100A8 levels by Western blot showed only a slight reduction of S100A8 protein in the epidermis of anti-VEGF-treated mice compared with DKO* IgG-treated mice ( Fig. 2 S and T) . Furthermore, the apparent increase of S100A8 ϩ cells in the dermis of DKO*IgG-treated mice was region specific and was reduced in anti-VEGF-treated mice ( Fig. 2 F-H) .
To investigate the proliferative activity in the skin, the number of Ki67 ϩ proliferating epidermal keratinocytes and dermal cells was measured and was found to be markedly reduced in both moderate and strong anti-VEGF responders ( (P-H3-S10) was performed to investigate the proliferation activity in the epidermis and dermis in more detail (Fig. 2 M-P) . The quantification of cells positive for P-H3-S10 showed that proliferation activity is higher in the epidermis in DKO* IgG-treated mice than in control mice (P Ͻ 0.0001, Fig. 2R ), and proliferation in the epidermis is reduced in anti-VEGF-treated mice (P Ͻ 0.001; Fig.  2R ) compared with DKO* IgG-treated mice.
Reduced Vascular Abnormalities Following Anti-VEGF Treatment. Differential immunofluorescence analyses of MECA-32 ϩ blood vessels and of CD31 ϩ /lymphatic vessel endothelial hyaluronan receptor-1 (LYVE-1) ϩ lymphatic vessels revealed that the inhibition of VEGF led to a strong decrease in tissue vascularization (Fig. 3 C, D, G , and H) compared with control mice (Fig. 3 B and F) . No vascular abnormalities were found in isotype control IgG-treated Cre Ϫ -mice ( Fig. 3 A and E) . Computer-assisted image analysis revealed that the average ear thickness (P Ͻ 0.01; Fig. 3I ) and epidermal thickness (P Ͻ 0.01; Fig. 3J ) were significantly reduced after treatment with the anti-VEGF antibody. Importantly, the average number of blood vessels was significantly reduced (P Ͻ 0.001; Fig.  3K ) and the average size of blood vessels (P Ͻ 0.001; Fig. 3L ) and lymphatic vessels (P Ͻ 0.001; Fig. 3M ) was significantly smaller in G6-31-treated mice than in isotype control-treated animals. The average number of lymphatic vessels was indistinguishable between the 2 groups (Fig. 3N) . Thus, inhibition of VEGF-dependent pathological angiogenesis normalized the blood and lymphatic vasculature.
Inhibition of VEGF Reduces Leukocyte and Lymphocyte Infiltration in
the Skin. To characterize the immune infiltrate in the skin, we analyzed by immunohistochemistry the expression of a neutrophilic cell marker, Gr-1, and myeloid peroxidase (MPO) (Fig. 4 A-D and (Fig. 4 E-L) . The inflamed skin of isotype control-treated mice contained increased numbers of dermal Gr-1 ϩ , CD11b ϩ , and F4/80 ϩ leukocytes (Fig. 4 B, F , and J). In contrast, the overall number of leukocytes in the skin of anti-VEGF-treated mice was reduced compared with isotype control-treated animals ( Fig. 4 C, D 
, G, H, K, and L). Quantitative analyses indicated that the number of MPO ϩ neutrophils and F4/80
ϩ macrophages was significantly reduced (P ϭ 0.0068 and P ϭ 0.00027, respectively) (Fig. S1 F and G) . In particular, the number of Gr-1 ϩ neutrophilic granulocytes was greatly reduced, and no transmigration of these cells through the epidermis was seen after anti-VEGF treatment (Fig. 4 C and D) . We performed staining for S100A4, which labels Langerhans cells (26) , to investigate in more detail the presence of these cells after anti-VEGF treatment (Fig. S1C) . The number of S100A4 ϩ cells was reduced in the epidermis of DKO* anti-VEGFtreated mice (Fig. S1I) . Fibroblasts in the dermis also were positive for S100A4.
Similar to the pathophysiology seen in human psoriatic plaques, the number of dermal CD3 ϩ T lymphocytes was increased in anti-IgG-treated DKO* mice (Fig. 4N ) compared with their Cre Ϫ littermates (Fig. 4M) . However, fewer dermal and intraepidermal CD3 ϩ T lymphocytes were detected in sections from anti-VEGFtreated mice (Fig. 4 O and P) . Quantification of these cells showed a significant reduction of CD3 ϩ T lymphocytes in the epidermis as well as in the dermis (epidermis: P ϭ 0.00108; total skin: P ϭ 0.00150; Fig. S1H ). The same results were obtained by immunohistochemical staining for CD4 ϩ T lymphocytes (Fig. 4 S and T) . Thus, specific inhibition of VEGF reversed the inflammatory infiltrate typically associated with psoriasis. Finally, as known from human psoriasis, the B-cell compartment assessed by Pax5 ϩ cells (Fig. S1E) displayed neither an increase nor a decrease in DKO* Fig. 2 . Induction of downstream targets S100A8 and S100A9 but normalized keratinocyte proliferation after G6 -31 treatment. Immunohistochemistry of S100A9 (A-D) and S100A8 (E-H), target genes of Jun proteins, showed an up-regulation in both IgG-treated mice (B, F) and anti-VEGF-treated DKO* mice (C, D, G, H) after the deletion of JunB and c-Jun. (I-L) Ki67 staining shows a significant reduction of proliferation in anti-VEGF-treated animals (K, L, Q; total skin: P Ͻ 2.21E-08; epidermis only: P Ͻ 0.00022) compared with DKO* IgG-injected mice (J). Moreover, staining for the histone H3 phosphorylation on serine 10 (P-H3-S10) revealed that the proliferation is more pronounced in the epidermis than in the dermis (M-P, R; epidermis control IgG-treated vs. DKO* IgG-treated: P Ͻ 5.7E-08; epidermis DKO* IgG-treated vs. DKO* anti-VEGF-treated: P Ͻ 9.7E-05; epidermis control IgG-treated vs. DKO* anti-VEGF-treated: P Ͻ 1.0E-05). Data represent mean Ϯ SD. (Scale bars, 100 m.) Quantification of Western blots of epidermal samples showed similar levels of S100A8 protein in DKO* IgG-treated and anti-VEGF-treated mice (S and T). mice treated with IgG or anti-VEGF compared with controls. We cannot formally exclude an immune reaction caused by the injection of the humanized forms of IgG and anti-VEGF. However, increased inflammation was not detected in the control mice injected with either IgG (n ϭ 3) or anti-VEGF (n ϭ 2).
Molecular Analyses of Anti-VEGF Treated Mice. We next performed RT-PCR analyses in separated epidermis of anti-VEGF-treated mice for selected Jun target genes as well as for markers of angiogenesis, inflammation, and epidermal differentiation. RNA levels, which were elevated for VEGF in the DKO*IgG-treated mice, were significantly reduced in anti-VEGF-treated mice (Fig.  5A) . The same results were obtained for the expression levels for VEGFR1 and VEGFR2 (Fig. 5 B and C) . Similar results for VEGF, VEGFR1, and VEGFR2 also have been observed previously in human psoriatic skin samples (27, 28) . Even though protein levels of S100A8 and S100A9 in the antibody staining and the Western blots remained similar, the RNA levels for S100A8 and S100A9 were reduced significantly in epidermal samples of anti-VEGFtreated mice (Fig. 5 D and E) . Interestingly, expression levels for S100A7A, the closest mouse homologue to human psoriasin, were also significantly reduced (Fig. 5F ). Furthermore, MIP-1␣ and MIP-1␤, chemokines providing a strong T-cell chemotactic effect, were found to be highly expressed in the epidermis of IgG-treated DKO* mice (Fig. S2 A and B) . Macrophage inflammatory protein-2 (MIP-2; IL-8 in humans), a strong chemoattractant for neutrophils and T cells produced mainly by keratinocytes, also was found to be strongly expressed in DKO* IgG-treated mice but was reduced to control levels in anti-VEGF-treated mice (Fig. S2C ), in agreement with the anti-inflammatory effect of anti-VEGF treatment. RT-PCR analysis of IL-1␤ and chemokine (C-X-C motif) ligand 2 (CXCL2) from total skin also showed normalization in expression levels ( Fig. 5 G and H) . Moreover, a significant decrease of serum levels for regulated upon activation, normal HYPERLINK "http:// www.copewithcytokines.de/cope.cgi?keyϭT%2dcells" T-cell expressed, and presumably secreted (RANTES) but only slightly decreased levels for monocyte chemotactic protein 1 (MCP-1) were observed ( Fig. S2 D and E) .
The normalization of epidermal differentiation detected in the histological analysis was confirmed by RT-PCR analysis, because mRNA levels of keratins 1 (K1), 5 (K5), and 14 (K14) were found to be reduced (Fig. S2 F-H) . Moreover, levels for keratin 15 (K15), known to be down-regulated in psoriatic lesions, reverted to control levels in anti-VEGF-treated mice (Fig. S2I) .
Isotype control-treated DKO* mice showed a strong increase in expression of matrix metalloproteinase 3 (MMP3), MMP8, and MMP9, markers of inflammation and tissue repair. In contrast, the expression levels of these genes were markedly reduced in anti-VEGF-treated mice (Fig. 5 I and J and Fig. S2 J) , indicating an overall reduced inflammation in anti-VEGF-treated mice. This observation is supported by the normalization of RNA levels of MMP2 and IL-6 ( Fig. 5K and Fig. S2K ). In contrast, tissue inhibitor of metalloproteinases-3 (TIMP3) levels remained down-regulated in DKO* anti-VEGF-treated mice (Fig. S2L) , as expected because of the deletion of c-Jun and JunB. Most importantly, RNA levels of cytokines such as TNF␣ and IL-23, known from human data to be highly important in the pathophysiology of psoriasis (29), were significantly reduced in anti-VEGF-treated mice but were strongly increased in DKO* anti-IgG-treated mice. Notably, TNF␣, IL-23, IL-23R, IL-22, and IL-12p40 were reduced to normal levels after anti-VEGF treatment (Fig. 5 L-P) . Therefore, anti-VEGF treatment of mutant mice led to the normalization of the IL-23/Thelper-17 (Th17) axis and consequently to an amelioration of the phenotype.
Discussion
Psoriasis is a common inflammatory skin disease that is heterogeneous, and its pathogenesis still is not well understood. Importantly, therapeutic interventions currently are limited and are restricted to the treatment of symptoms rather than targeting the mechanisms underlying the disease. Our study, employing a therapeutical design, reveals that systemic administration of an anti-VEGF antibody effectively inhibited pathological angiogenesis. Characteristic psoriasis-like symptoms observed in the skin lesions of these mice, such as epidermal hyperplasia with altered differentiation, inflammatory cell infiltration, vascular abnormalities, and elevated levels of IL-23/Th17-related cytokines, were markedly reduced following treatment with anti-VEGF antibody.
In cutaneous lesions and in the serum of psoriatic patients, elevated levels of IL-23 and Th17-related cytokines were detected, and the development and maintenance of Th17 cells has been shown to be linked to IL-23, a key cytokine in the development of autoimmunity (30, 31) . Injection of IL-23 in mice leads to erythema, mixed dermal infiltrate, and epidermal hyperplasia associated with parakeratosis comprising histopathological features resembling psoriasis. These responses were shown to be mediated by TNF␣ and IL-20R2 (32) . Moreover, variants of the IL-23R gene are associated with psoriasis (33) , demonstrating the relevance of IL-23/IL-23R signaling in psoriasis. The common subunit IL-12/IL-23, IL12p40, and IL-23p19 were highly expressed in psoriatic skin lesions as compared with uninvolved skin (34) . Moreover, ectopic expression of IL12p40 from the keratin 14 promoter led to enhanced expression of IL-23p19 in mouse keratinocytes (35) .
A strong increase of TNF␣ is observed following deletion of JunB and c-Jun in epidermal tissues during pre-and postnatal development ( Fig. 5L and refs. 23 and 36 ). Because TNF␣ can regulate IL-6 as well as MMP9 levels (37) (38) (39) , the increase in TNF␣ could be responsible for the increased VEGF levels in the DKO* mice. In mice, the embryonic fibroblasts JunB and c-Jun are required for hypoglycemia-induced expression of VEGF (40) . However, we favor the hypothesis that induction of VEGF in keratinocytes is mediated instead by a cytokine-dependant mechanism.
Besides cytokines, chemoattractant molecules such as S100A8 and S100A9 are increased in DKO* mice at the protein level (Fig.  2 B, F, S, and T) . Interestingly, RNA levels of S100A8 and S100A9 appear to be decreased in anti-VEGF-treated DKO* mice (Fig. 5  D and E) ; this reduction might be caused by a posttranslational mechanism or by an unknown negative feedback loop.
Our findings strongly indicate that therapeutic intervention at the level of the vasculature can be sufficient to reduce the immunemediated and epidermal components of the disease. We speculate that the anti-inflammatory effects of anti-VEGF antibody treatment block VEGF effects in endothelial cells and also in other cell types in the skin. Besides its role in angiogenesis, VEGF is a well-documented regulator of various aspects of the inflammatory response, wound healing, and tumor growth (41) . VEGF induces hyperpermeability of blood vessels, leading to tissue edema during inflammation (42) . Furthermore, chronic overexpression of VEGF in the skin of K14-VEGF transgenic mice promoted leukocyte rolling and adhesion in skin microvessels, probably resulting from the increased expression of adhesion molecules such as E-and P-selectin (43) . In addition to endothelial cells, monocytes and macrophages also express VEGFR-1, and VEGF can chemoattract these cells (44) . Thus, the inhibition of these additional activities of VEGF related to attracting and activating immune cells by systemic treatment with an anti-VEGF antibody probably contributed to the diminished inflammatory cell infiltration observed in the skin.
Recent evidence indicates that, lymphangiogenesis, as well as angiogenesis, is involved in certain inflammatory and autoimmune conditions. It is proposed that lymphatic vessel formation and remodeling participates in the regulation of the immune response by affecting the transport of antigens and leukocytes to draining lymph nodes (45) . It was recently shown that VEGF can promote lymphangiogenesis associated with tumor formation, tissue repair, and inflammation (7, 46, 47) . However, the exact role of lymphatic vessels in inflammation remains to be established.
Whether anti-angiogenic therapy for benign diseases such as psoriasis or rheumatoid arthritis is a viable option will require RT-PCR analysis of mRNA expression levels revealed strong expression of VEGF A, VEGFR1, and VEGFR2 in DKO* IgG-treated mice which was reduced in DKO* anti-VEGF-treated mice (A-C). S100A8 (D) and A9 (E) were increased in DKO* mice and decreased in anti-VEGF-injected mice, perhaps because of a posttranslational mechanism or a negative feedback loop. The expression levels of epidermal samples of the following genes (especially cytokines related to the IL-23/Th17 axis and the related receptors) reflect a normalization of the inflammatory process in anti-VEGF-injected mice: S100A7A (F),
, and IL-12p40 (P). RNA expression levels of total skin for IL-1␤ (G) and CXCL2 (H) also are reduced back to control levels in anti-VEGF-injected mice. Controls are set to 1, and the y axis shows relative expression levels. Control IgG-treated: n ϭ 3; DKO* IgG-treated: n ϭ 3-4; DKO* anti-VEGF-treated: n ϭ 4 -5. D-F represent data (mean Ϯ SD) from control IgG-treated: n ϭ 3; DKO* IgG-treated: n ϭ 5-6; DKO* anti-VEGF-treated: n ϭ 10 -12.
additional experiments in other model systems. Moreover, topical application might provide a valuable alternative to overcome unwanted side effects. Nevertheless, these findings provide a proof of concept for the proposition that inflammatory diseases can be treated by anti-angiogenic therapies.
Materials and Methods
Mouse Strains and Treatment. Mice carrying JunB and c-Jun alleles flanked by loxP sites and the K5-CreER T allele were used in this study (23) . DKO* mice were injected i.p. with 1 mg tamoxifen (Sigma) for 5 consecutive days to induce the deletion of the 2 genes in the epidermis. Mice showing the first signs of the psoriasis-like phenotype were injected every 48 h with 4 doses of the monoclonal antibody G6 -31 (25) or a human control IgG. All mouse experiments were performed in accordance with local and institutional regulations and licenses.
Immunohistochemistry and Immunofluorescence. Mice were killed, and ears were collected and cut in half. One half of each ear was processed for paraffin sections. The other half was embedded in optimal cutting temperature (OCT) compound, and 7-m cryostat sections were cut. Immunohistological analyses were performed as described previously (7, 48) .
For paraffin embedding, tissues were fixed in 3.7% paraformaldehyde in PBS at 4°C overnight. For H&E staining, 3-m sections of formalin-fixed samples were processed according to standard procedures. Staining for MPO (Dako) and immunohistochemistry with antibodies against CD3 (Vector Laboratories), S100A8, and S100A9 (both Santa Cruz) was performed as described previously (23, 49, 50) (1) . To induce the deletion of the 2 genes in the epidermis, 8-week-old mice and their littermate controls were injected i.p. for 5 consecutive days with 1 mg tamoxifen (Sigma). Mice showing the first signs of the psoriasis-like phenotype (10-11 days after the last tamoxifen injection) were injected with 4 doses every 48 h of the monoclonal antibody G6-31 (2) (n ϭ 12, anti-VEGF-A mAb, 50 g; gift of Germaine Fuh, Genentech) or of a human control IgG (n ϭ 8), 50 g, (Southern Biotech). The human variant of the anti-VEGF-A antibody and the corresponding human IgG as control were used as described by Liang et al. (2) . The human variant of the anti-VEGF-A antibody had been used previously in mice (3) and showed no increase in inflammation. The treatment regimen is based on a previously published study of human tumor xenograft using the G6-31 antibody by Germaine Fuh (2). The skin phenotype was analyzed 2 days after the last antibody injection. All mouse experiments were performed in accordance with local and institutional regulations/licenses.
Immunohistochemistry and Immunofluorescence. On day 23/24 of the study, mice were killed, and their ears were collected and cut in half. One half of each ear was processed for paraffin sections, and the other half was embedded in OCT compound (Sakkura Finetek) and was snap-frozen on liquid nitrogen; then 7-m cryostat sections were cut. Immunohistological analyses were performed as described (4, 5) , using the following antibodies: anti-mouse LYVE-1 (Angiobio), anti-mouse CD31, biotinylated MECA32 or anti-mouse CD11b, and CD4 (all from BD Biosciences), anti-mouse keratin 6, keratin 10, and loricrin (all from Covance Research Products). Alexa488-or Alexa594-coupled secondary antibodies (Invitrogen) or the Vectastain ABC Elite Kit (Vector Laboratories) were used to detect the immunoreactive product. Cy3-conjugated streptavidin (Rockland) was used to detect the biotinylated MECA32 antibody. Hoechst 33342 (Invitrogen) was used for nuclear stains.
For paraffin embedding, tissues were fixed in 3.7% paraformaldehyde in PBS (pH 7.2) at 4°C overnight. Before standard dehydration and paraffin infiltration, the tissue was washed in PBS. Three-micrometer sections of formalin-fixed samples were stained by immunohistochemistry with antibodies against Pax5 (sc-1974; Santa Cruz Biotechnology), Gr-1 (550291; BD PharMingen), S100A4 (27957; Abcam), phospho-H3-S10 (Upstate Technology), Ki67 (Novocastra), and F4/80 (Santa Cruz Biotechnology) as previously described (1, 6) or using the LSABϩ System-HRP kit (DakoCytomation) according to the manufacturer's instructions.
Computer-Assisted Morphometric Analyses. Double immunofluorescence stains of ear sections for CD31 and LYVE-1 were analyzed using the IP-LAB software (Scanalytics), as previously described (7) . The average number of lymphatic vessels or blood vessels per mm epidermis and the average size of CD31 ϩ /LYVE-1 ϩ lymphatic vessels and of CD31 ϩ /LYVE-1 Ϫ blood vessels were determined in the area between cartilage and stratum corneum of the inner side of the ears. The average total ear thickness and epidermal thickness were assessed using H&E-stained sections, with 5 measurements per section. Ear immunofluorescence stains of ear sections for CD31 and LYVE-1 were examined on an Axioskop 2 mot plus microscope, equipped with an AxioCam MRc camera and a Plan-Apochromat 10ϫ/0.45 objective (Carl Zeiss. Images of 3 individual fields of view were acquired per section.
Statistical Analysis. Data are shown as mean Ϯ SD and were analyzed with a 2-sided, unpaired Student's t-test. Differences were considered statistically significant when P Ͻ 0.05.
Quantitative RT-PCR. Total RNA was isolated from the tail epidermis using TRIzol (Invitrogen) according to the manufacturer's instructions. cDNA was synthesized from total RNA using the ''Ready-To-Go You-Prime It First-Strand-Beads'' (Amersham Pharmacia Biotech) and random primers (Invitrogen) as described in the manufacturer's protocol. PCR products were quantified by RT-PCR analysis using Ep-Realplex (Eppendorf) and the 2 Ϫ⌬⌬CT method. Primer sequences are provided in Table S1 .
For the analysis of IL-1 and CXCL2 mRNA levels, total cellular RNA also was isolated from mouse ears using a TissueLyser, stainless steel beads and the RNeasy Mini Kit (all Qiagen) and was treated with RQ1 RNase-free-DNase (Promega). cDNA was synthesized using the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems). The expression of mouse IL-1␤ and CXCL2 mRNA was investigated by TaqMan real-time RT-PCR using the AB 7900 HT Fast Real-Time PCR System (Applied Biosystems) and quantified using the 2 Ϫ⌬⌬CT method. The probes and primers for IL-1␤ (Mm99999061mH; Applied Biosystems) and CXCL2 (Mm00436450m1, Applied Biosystems) were predesigned. Each reaction was multiplexed with ␤-actin (probe, 5Ј-JOE-CAGCTTCACCACCACGGC-CGAG-TAMRA-3Ј) as an internal control, and all data were normalized based on the expression levels of ␤-actin. Mice responding moderately to anti-VEGF antibody treatment (DKO* ␣VEGF m ) displayed only mild skin lesions, whereas the paws and tails appeared largely normal in mice showing a strong response to anti-VEGF treatment; for comparison a Cre Ϫ control mouse is shown. Immunohistochemistry is shown for S100A4 (C), MPO (D), and Pax5 (E) of (Left to Right, respectively) controls, DKO* IgG-treated mice, and moderate and strong responders among the anti-VEGF-injected DKO* mice. Quantification of MPO ϩ (F), F4/80 ϩ (G), CD3 ϩ (H), and S100A4 ϩ cells (I) confirm a significant normalization of all 4 cell types in the skin of anti-VEGF-treated mice compared with control IgG-treated mice. Data represent mean Ϯ SD. 
